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The heart 

1 
The Heart 

h, ·  WE <;UT ourselves, we bleed. Animals bleed. too. 
when they are cut. So we know that blood exists. 

\.Ve (Juickly find oot that it's important. too. People 
who lose a lot of blood grow very wca.k as a r<�sult. It 
takes them time to become well again. If they lose too 
much blood, they die. 

Because of this, some people once thought that 
blood actuaJly u,'llS Jill�. that it was the living part of the 
body. 

In the Bible, ror instun<.-e, the Israelites are told 
they must not eat meat with blood in it. fo the BO<)k vf 
Deuteronomy (chaph.·r J 2, verse 23) it says: "Only be 
sure that thou eat not the blood: for the hlood is the 
life ." 

TI1at can't be right, howev<:r, for J)f·Oplt· and animals 
(.'an die, even when they don't lose any blood at aJI. 
That doesn't mean that blood isn't important to life. It 
just means that blood isn't the only thing that's impor 
tant . 
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About 400 e.c .. the ancient Greek doctor Hippocm
tcs (hih-POK-ruh-teez, 460-370 B.C.) and his fol
lowers thought there were four important fluids in the 

body, one of them blood. Health. they said, depended 
on the proper balance amoog the four fluids. 

Nowadays. we k11ow lhe matter of health is fo.r more 

complicated than that, but we've never stopped think 
fog that blood is an extremely important part of it. 

Blood doesn't jost lie moHoolcss in the body. Some 
times, when a persor1 is badly cut, the blood seems to 
spurt out. \Vhat ' s more, the spurting seems to he in 

time with the b eating of the hea,·t, so people got the 

notion that tho heart must squccre and push bJood out 
of il«:lf, over an d over again. 

Everyone's he-.u t b eats. You can feel your own 
heartbeat if you place your hand on yoor chest. It 
beats regularly, about seventy times a 1n inutc in 
grown-ups; a little faster in children. ·r11e heart heals 

as long as you live, and when it stops. you die. 
That makes it look as though it's 110Ljl1st blood thai's 

importaot to life, but moving blood. and therdore the 

he.a.rt. 
In fact, some ancients thought that the heart was 

the living and 1€!-eling part of the body. After all, your 
heart beats faster and harder if you are frightc::nOO or 

very angry, so perhaps it controls the emotions. II also 
speeds up when you ru1l aroond or work hard, and it 
slows do,vn when y0\1're asleep. \\!hen you're mor<' 
active, it's more active, and when you're less ;tctive. 
ifs less active. 

The Crook philosopher Aristotle (AR-is-tot-I, 3 8 4 -
322- a.c.) was so impressed by the importance of tht 
heart, that he thought it might be the part of the body 
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that does the thiokfog. He was wrong there, but the 

heart is ver y important jost the same. 
How can you tell what's going on ioside the body? 

Yoo can't just cut open a living hody and look inside. 
You would cause great pain and kill a human being if 
yoo did that. You might cul open and look lllto a dead 
body, but most people in ancient times thought even 

tha t was t• terrible thing to do and usually such a 
.. dissectioo" {dis-SEK-shun). from Latin words mean
ing ''to cut apart,"' was not allowed. 

Of c.."Ourso. animals were cut open, either because 
they were being prepared for cooking, or being used 
as :t s,1cri6c..-e to the gods. 

Butchers weren' t  interested in studying the parts of 
the animals. Th,ey were j\1St preparing cuts of meat for 
sale or for cooki.og. 

Priests who sacrificed animals were S-Omttimcs in
terested in some of the i11ternal parts. because they 
thought the sh.apes of those parts t'Ould give th<!m 
hints for foretelli1lg the future. (That v.ras quite wrong. 
of course.) Fortune·telling didn't take long, and the)• 
dido 't study the animal carefully. A11d eveo if they 
did. animal parts are sometimes different from hum�ni 
parts in im[)()rtant wa)•S. 

It was not until after Aristotle's time that scientists 
began to st\1dy the inside;: of the human hod)' carcfolly. 

In the city o:f Alexandria. Egypt. a place of study 
and learning was established. 1t was calk-<l the Mu
seuin, and in ii,. betwee1l 300 and 250 8.C., there was 

careful dissection of de;;1d human bodies. The strttC..'-
turc of the body was studied. This is called "aoatomy .. 
(uh-NAT-tuh·mee). from Greek words meaning "to cot 
U[) ... 

II 



Ahc>ut 300 B.C., a Cr(.'ek physician, Praxagon1s 
(prak-SAG-oh-ras) showed that there wer e tubes con
nected to the heart. S01ne of these; wtrc.! fillt..'U with 
blood. We ... 11 them .. veins" (VANEZ). 

Another kind of tube, also counectc!d to the flc:wt> 
was empty and (.'Qnt :\ined only air. Praxagoras though!! 
they carried air to different parts of the body. \.Ve still 
call those tubc::s "arteries .. (AHR-tuh-reez), fro1n 
Greek words meaning "'air-carrier. - Arteries and vein-. 
are called blood vessels. 
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From dissection studies, dc>ctors knew where! tl1e 

arteries were to he foond in living bodif·$. Pm.xagol'as's 

student, Herophilus found that where the art<:des 

came near the skin, yot• could feel a bf'ilting. just as 
though it were a little heart. This is called a .. pulse." 
lie thought that tlw urteries car ried hlood �i.s the vei ns 
did, and did not cany air. 

That is so .  111c '1e::trt spurts blood into the a1·teries . 
\Vilh each beat of the heart, the thick. ff1uscolar wall 
of the artery cxp:}nds as blood is forced through, and 
then the v.r:,ll contracts again. Jt is this that catises the 

pulse. TI1e veins, with thinner, less muscular w11lls, 
carry blood quietly. 
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Galen c.130-c.200 

As a person dies, the last hca.rtbeat sends blood 
thro,1gh and out of the arteries. and nothing follows. 
11lat is why dead arteries are empt)'· Doctors might 
have learned more:, but the stud)• of anatomy in 

Alexandria quickly stopped. Dissectioo was consid
ered against the law and, for a thousand years. little 

more was learned. 
Still. doctors knew ther e were arteries and veins. 

·why were there two kinds? 
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A Creek doctor. Galen (CAY-len. A. D .  130-200), felt 
that the arteries originated in the heart. The heart 
pumped blood into the arterits, which carried the 

blood to all parts of Lho bo<ly where it was used for 

oourish,nont. The veins. he thought, originated in the 

liver .  There. he believed, blood was formed and was 
carried by the veins to the heart. 

In Alexandria, though, doctors had dissected the 
heart. 11lCy had found it consisted of two (.>arts. a left 
ventricle (VENT•rih-kul) and a right ventricle. These 
had thick, m\1scular walls, especially the left one. On 
top of each ventricle was a thin-walled chamber, the 

lefl atrium on one side, and the right n.triom on the 

other. 111.ere wa,; an opening connecting each at rium 

wilh the ventricl e beneath, bul there was no opening 
from one atrium-ventricle to the other .  

It was as though the hear t were actually a double 

pump.  Each half was �tttached to its own arte ries and 
vei ns. 

B11t why should the heart be do11blc? Surely a single 
pump would be enough. 

Galen thought it was a single pomp. He thought 
there might he tiny passages. or pores, through the 

thick, muscular wall betw<.-en the two ventricles. 
These pores were so fine and narrow they were invicsi• 
ble to the eye. (TI\is v.,a� quite wrong. but p<!Ople 

continued to believe it for about fourteen hundred 
years after Galen.) 

About 1300, doctors in Italy began to dissect dead 
bodies again. fo 1316, an Italian doctor, Mondino <le 

Luzzi (rnon-DEE·noh da)' LOOTS-tsee, 1275-1326), 
wrote the first book that dealt entirely with anatomy. 
11 conta.ined mostly what Galen had taught. however. 
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But tlu.:n, in 1543. a BelgiaH anatomist, Andreas 

Ves�11ios (veh-SAY-lee--us, J5l4-J564), made his own 
studies aod publisl1cd a far better anatomy book. The 

art of printing had now bee1l develop<�d. and Vesalius's 
book was io. type and had be:mtiful illustratioos. It ,,.,a_.:; 
re.ad throughout Europe, aod it sta.rted scientists on a 
whole new Lrack wl1ere the human bod)• was <.•(m
ccrned. 

However, Vesalius couldn't improve on Galc:u·s the
ories as far as the workings of the heart were con. 
cerned. 
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Anatomical drawing by Vesalius, 1543 
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2 
The 

Circulation 

ALTI-IOVCH THE EUROJJEAN doctors didn' t  know it, 
Galen had been improved on. It happt::ned in the 

East, and the man who did it w:\S a Syrian doctor, I bn 

al-Na6s ( i s -n-al-NA-fis. 1210-1288). 
Jn 1242, he wrote a book on surgery. In it he said 

that the pores, which Galen had said allowed blood to 
pass from o ne ventricle to the other, simply didn't 

exist. The wall between the two ventricles was solid 
and muscula:r, and oothing <..-ould leak through. 

Did that me,m the heart was a double pump with 110 
interconnectio,, at all'? 

No .  llm :tl-Nafis sugges1cd 8ijQther wuy in which 
blood might go from the right ventticle to the left. 
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He said that wh(:n tlw hc:art c:ontracted, the blood 
in the right ventricle entered the htQ�t· .. puln1011ary 
artery" (PU L-mul·H1eh-ree). This is from the L1.tin 
word for .. long ,·· lx...oc;:1ose this artc�ry carries blood to 
the luogs. 

A 
The leaser clrculatlon 

As the pulmonary artery re;1ches the long.s, it cli4 

vides in to smaller and smaJler bra11ches. as does a 
tree. The arterial brnnches get so sm:111 yoo c:m ·1 sec 
them without a micn)scope. ·n,e blood io these tiny 
vessels that line the lungs collects air .  The tiny vesseh: 
then join into fr·wcr and larger vessels, which al'e large 
enough to be seen again. They :1re veins . These 
00<.'0me still fewer and larger until all the blood is 
collected i11to one large vessel. the .. pulmonary vein ... 

The pulmonary vein leads the� blood1 oow mixed 
with air, into the left atrium. from which it passes into 
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the Wft ventricle. \Vhen th(• heart con tracts, tlw h)()C)d 
io the left ventricle. with its air mi.xture, goes in to the 
"aorta- (ay-AWR4 tuh), the large�t artery in the body 
and then moves on to all parts of the body. 

Now we see why we need a double pomp. It may I,<• 
that the blood is formed in the liver, goes to the heart. 
and then travels to the rest of the body. Howe.we r, it 
goes to the right atrium a11d ven tricle first, is sen.t to 
the lung and back, and then goes to the left atrium and 
ventricle: and to the resl of the body. The right half of 
the heart is needed as a special pump designed to 
supply the blood with air. 

If we picture the blood going from the right ,·cntri 
cle to the lungs and then back to the heart, we say that 
it "circulates

"' (SUR-kyoo-lates), which is from Latin 
,•,.ords meaning '"to move in a cirde." ActualJy, the trip 
to the lun� and back is called the '')es.ser circofation ," 
becaose the left ven tricle sends the: hloocl Oil a longer 
jouroe)'· Ibo al-Nafis, however . had nothing to say 
about wht•t httppcnt�I to the blood that left the left 
ventricle. Presumably, it was simply used up by the 
body so thllt new bloo<l had to be forrn,,d. 

Of <:ourse, 110 on e then could see the 6ne vessels in 
the lungs that connected the tinit:.st arteries with lhf· 
tin iest veins, aoy more thao they could see C,1len's 

"pores·• between the ventricles. That was a ffaw in Ibn 
al4Nafis's suggestion. 

There was another catch. No on e in Europe lmew 
;1boot Ibn al-Nafis's book. It wa.,; not discovered uotil 
1924, so Europeans had to make the discovery of the 
lesser circulation on their own . ·n,at diS<.'()very was 
accomplished first by the Spanish doctor, Michael 
Servetus (ser-VEE-tus, J5JJ-tSo3). 
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Servetos liv,:<l in unsettled times. The Catholic 
church in \.Vestern Eorope httd split in two. ·t11ose that 
hroke awa)• caJled themselves Protestants. and there 
was great hostility bctwt.:en th<� Protestants and Catho• 
lies. 

Servetos managNI to dC'velop religious views that 
oUellded both the Catholics and the Protest:.mts. In 
1553. he pul,lisluxl a hook in which he expressed his 
views. He carefully didn't put his name on the book, 
but he had discussed his views so openly that eve, ·y .  
one knew he must have written it. 

In Fnmc..-e. the Catholics arrested him, hut he e s •  
caped and went to Geneva. in Switzerland. Geneva 
was niled by n very strict Prot<'stant nau)i.-d John 
Calvin (1509-1564). Calvin was so shocked by Serve 
tus·s religious views thnt he ha:J l1im an<!Skd and 
hurned at the stake. He then collected all the copies 
he could find of Servetus's book :1nd burn<�d them, 
also. 

Fortunately. a few copies survived :;md in 169--l, a. 
cenlur)' and a half after Sen•etus's death. one turned 
up. Doctors were amazed to discover thot the book 
not only contained his views on reli�ion, but also 
described the lesser circulation of the blood to the 
lungs and back. By then, though, the discovery had 
been made a third time. 

ln 1559. :,ix years after S<�rv<�I us·s death. aft Italian 
doctor, Realdo Colombo (koh-LUM-boh. 1 5 1 6 -1559). 
also thought of the lesser circulatio11 and puhlished a 
book about ii, 

Tlu,t book .survived; other doctors read it, and more 
aod more of them were convinced that Colombo was 
right. Even though Colombo had his idea after Serve
tus a1)d /ong after Ibn al-Nafis. it ,vas Colombo's ,vork 
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that European doctors knew about. It was on the h.asis 
of his work that they went on to make further discov
eries. l1lat is wh)' Colombo gets lhe credit for discov• 
ering the Jesser circuh,tion. 

In 1574, a11 Italian doctor. Girolamo Fabrici (fab
REE-chee, 1537-1619), was studying the veins io tlu: 
leg. He 1\oticed that they had little valves in them. If 
the blood moved in one din.:c;:tion, the valves folded in 
toward the walls or the vessel. so that the blood could 
pass without trouble. If the blood mov<..cJ in the O[)po
sitc din,ction, the valves opened and closed off the 
vein. 

Valve in a vein 

This meant they were one-way valves. They permit
ted the blood to move when a person is standing 
upright. The blood can't move downward. 

This makes sense. \¥hen a p4;!r:,on moves his leg...;., or 
just lightens his leg muscles. those muscles squeeze 
a.g.ainst the veins and for<..-e the blood ill those veins to 



move upw,m;l agafr'1st the pull of g:r.lvity O,(!causc lha t's 
the only way th4;:y'll go). If a person keeps his leg 
muscl<:s relaxed. the b]ood isn't mov ing much, but at 
least it i..sn 't being p ul1cd down by gravity. The valvt·.S 
\,,.ou·t aJlow that. 

The important th iug was that the blood in th(· kg 
vdns could 01,ly move toward the heart. Fabrici paid 
no attention becausc1 c;vcryooe thought that the blood 
leaving the left ventricle always moved awll)' frolll the 

heart. He missed tl1c importance of his own discov
ery . 

But then c..-ame 'William Harvey (1578-1657). an 
Eng1ishma11 who, after he became a doctor, wf·ut to 

Italy for further education and studied uoder Fabrici. 
llarvcy dissected the hearts of de�1d people and 

studied the valves OOtween (!ach atriulll aod its ventri
cle. He noticed tha t they were one-way v:1lve.-.. ·n1cy 
allowed the blood to ffow from the atriu1n to the 

ventricle without any trouble. \Vhen the heart t'On
tracted, however, none of the blood io the ventticle 

c..-ould Row hack iolo the atrium. Instead. all the blood 
was pushed out into the arteries. 

I larvcy began thioking about the valves his te�1cher. 
Fabrici. had discovered in thf.! h:g veins .  'Tile)' were 
one-way, and they forced the blood to move tow:ird 
the heart. 

lie ch(,"Cked that O>y tying olf and blocking different 
veins in animals he experimented on. 11·,c veins aJ
w�tys bulged on the side of the block away from the 

heart. It was a..s though the blood \V(.'r(.' tr ying ttt flow 
toward the heart a:u<l to accumulate just below the 

hloc,k because it sirrnply couldn't Row away from lhc 
heart. This v.ius true of all veins. 
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William Harvey, 1578-1657 

Jn the arteries. the hlood bulged on llu: •  heaJ't side 

of ;.my block he put in, as though ii weJ'e trying to ffow 
away from the heart and couldn't mov(.' in the other 
direction. 

I larvey now saw what was happening. Th(• heart 
pushed blood into the arteries. and the blood re
turned hy way of the vc.;ins .  It did this for /J()tl, 
veotricles. The blood ha d a doubk circuhllioo. If one 

started frolll the right ventricfo, il left b�, w�1y or the 

arteries to the longs, and returned by wo.y or the veins 
to the left a triu1n and from ther<� into the left v4.:nlr i 
cle. From the lf.!ft velllricle. it left h> •  way of the 
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arteries to the rest of the body and returned (in a .. greater circulatioo') by way cnr the vefrts lo the J'Jght 
atrium :md from there into the ri�ht ventricle. Then it 
started aJI over. 

Harvey a.lso showed that it was impossible to sup 
pose that the blood was used up in the bod)' and that 
,,cw blood was formed. lie measured how much blood 
the heart pumped in. one contraction a,,d counled the 
number of <.'()ntn1etions. Ile found th;tt in one hour, 
the heart pumped out a quaotity of b)t)()d that was 
tlm::c times the weight of a m�m. The body couldn't 
use up blood and forin oew blood al such a rate. 'f'f,c 
swne bfoocl had to cfrc,,late mu/ be used oc.-er a,ul over 
again. 

vemrlc:le e.xpand.c:I Yentricle cont,-cted 

How the heart pumps 
J lnrvey still had the same p,·oblein Ibo aJ.J':afis had 

had. The smalk·st arteries :md veins that could be 
seen had to be connected by vessels too sma.11 to sec. 
\Ve, ·e they really I here? 

In the 1650s. scientists had learned to put )(•nscs 
together in such a way tht•t objects too small to see The circulatory system 



with Lhe naked eye could be ,nagnifif:d and macfo 
visible. Such instruments were c::11led "microscopes" 
(MY·kroh•scopes), fro,n Creek words mea,,iog "to see 
the smalt·· 

One of the first scientists to use a microscope was an 
Italian named Marcello Malpighi (m,11-PEE·gee, 
1 6 28 -169-1). \Vith the microscope. he could see tin)' 
blood vessels that wen" invisible without one. 

In 1661, four years after Harve)r's death, Ma]pighi 
studied the wings of bats. He coold see blood vessels 
in their thin membranes a,,d. under the microscop(:-, 
he could see that the smallest arteries and veins were 
connected by very fine blood vessels. 

He ca.lied th,;sc blood vessels "c"pillaries (CAP-ih· 
leh-reez), from a Latin word for .. hair, .

. heca11S(' they 

were a.,; thin as the finest of hairs. 
\Vith the discovery of capillaries, the ick•a or the 

circulation of the blood w.tS complete. and it has beeo 
;;1ccepted ever since. 

An English scientist, Stephen Hales (1677-1761), 
was the first to measure .. hlottd prCS$ur<:,- the forc..<>e 

with which the blood is pushed along in its circulation. 
He reported his work ill 1733. Aloo<l pres.sure is now 
nu:asurcd very frequent))•, ''High blood pressure·· is a 
dangerous condition. 

28 

3 
The Red 

Cells 

To Tl IE EYE, blood looks like a l'ed 0(1id, and evf!ry bit 
of it looks the same. Under thf• microscope, however. 
it <.'<Jntains little objects that float ill a clear liquicl. It is 
the little objects that give the blood its redness. The 
liquid i.s faint yellow in color. a,,d so is one of tlw little 

objects taken hy itsc:lf. 1 lowt:ver, a combination or 
muny of the objects has a deep 1·ed color. 

fo the early days of the microscope these little..� 
objects were seell. Malpighi saw tlwm. A Dutch 
scientist, Jan Swnmmerd;_un (SVAHM-el'-dahm. 16..17-
1680). described them in 1658. It isn't certain which 
ooe of thc;sc two men should get the credit for hdn� 
the first to see them. 

Because of their color. these little objects cam(: to 
be C'Jlled "red cells ... TI\e word -cdl"' is given to the 
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tiny units. t()O srnall lo be seen except und(:r a micrQ:. 

scope. that build op all livin� thi1,gs. Another name 
for lhe red cells is "erythrocytes- (cc-B ITI 1 -n)h-sitc:s}. 
but th,1t is jos-t a Cree k word that means "red cells." 

The red cells were 6rst i,todicJ c.: arcfolly hy the 
Dotcl1 scientist. Auton van Leeuwenhoek (LAY-ven
hook. 1632-1723). He had the best of all the vc'ry ,,arly 
microS(...'OJ)CS. He f)()lished tiny lenses of clear g,lass 
into perfect curves. Looking throogh his lenses. lu .. � 
< :ould see small obj<.-c ts magnified by a.o unusually 
large amount. and he could see them more dearly 
than anyone else <.'(lulc,L in his tirne. 

Red blood cells 

1--teuwcnhoek descrilx"<I the shnpe of the rc :c.l (...-ells. 
TI1ey al'e Aat discs with depressions in the cente1 ·. 
"111C)' k,ok like ti1t)' candy Lifesavers, hut the hole in 
the center is not quite bored through. 

Leeuwenhoek also tried to calculate their size. They 
are very smaJI, smaller than most cells. It would take 
about 3,400 of them pl"c""I side by side to stretch 
across the distance of an inch. Or, if you stacked them 
one on top of another. it would take �tbout 12.000 of 
them to make a stack an ioch high. 
· Of course there are very many of them. Suppose 
you had a littl<· sc1uar<· con tah1<!1', only 1/25 or ao i,,ch 
on each, side and U25 of an inch high. Such a container 
would be so small yoo would bar<" ly he able to sec it. 

Imagine such a container full of blood. It wouldn't 
be much blood. One drop of blood could easily fill at 
least fifty of suc-h cootaiilers. Yet in the amount of 
blood in that small container there woolcl be :}bout 5 
rnil1ion red cells. This number was worked out i11 1852 
by a German scientist, Karl Vierordt (FEER-ort, 
181S-1884). 

Blood isn't always red, however. l t  is only red after 
it rel urns from lhc lungs, whe re it has picked up air .  It 

is the red blood that is pumped out by the left 
ventricle..· all ovt.�r th(• body . In tll<· hody tlu� air is 11S('d 
up, and the blood turns a dark bluish color. It returns 
to the heart th:,t way and is sent oot to the longs 
where it tur11s reel again. 

This was first pointed out in 1669 by :m English 
doctor, Richard Lower (lf,31 -1691). The blood in the 
arteries (all except those going to the lungs) i.s bright 
red and is called "arterial hlooc:I" (ahr-TE E -r<:-i�-111). 
The blood in the veins (all except those coming from 
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Veins in hand 

the lungs) lulvt� tht.! dark t'Olor and is called .. venous 
blood• (VEE-nus). 

If you happen to havt: fair skin, then look at the back 
of your hands. You will see veins just under the skin 

carrying venous blood back to your heart. They look 
like bluish lines against the skin. They are can-yiug 
blood, but ii isn ·1 r.>d blood. 

Naturall y, you can't see the blue lines oftlw veins if 
you are dark-skinned, or if you have been out in the 
sun a good bit and have gottell tanned. In th(' old 
days, only well-off people could stay out of the sun. All 
the poor people had to wort.: in the fidd.s. It \\'llS only 
the ,vcalthy people of Europe. then who had fair. 
untanned skin and could see the blue' veins. ·11oa1 i; 
why tlwy were sometimes c.alled '"blue-bloods."' 
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Jfth('re ,vere an accident in which a vein was cut, no 
blue blood would inake its appe.an1nce. The iostaot 
the blood came out of the vein into the air, it would 
combine with the air and turn red. 

\.Yhat is it in air that turns the hlood r<."<I? 
l n  1774. an English chemist. Joseph Priestley 

(1733-1804) disc-ovcred a new gas. 111 this gns, fir<·s 
burn very brightly. A piece of wood that is only 
smoldering will borst into ffam(" if placed in thill- g.'l:,.. 

In 1778. a French chemist, Antoine Laui-ent Ll· 
voisicr (fa.vwah-ZYAY. 1743-J79--t), was abk· to show 
that air consisted of two gases. Ooe fifth of air i s  
Pdestley's gt-1$, which Utvobit:r ctilled "ox-y�en"' (OK
sih-jen). The other four-fifths is "nitrogen" (NITE
truh·jen). 

O.�yge1l combioes with blood aJld turlls it bright 
red. Arterial blood is ··oxygen::ited." 

A Cerman chemist, Julius Lothar Me)'Cr (�1Y-C'r, 
1830-1895). showed. in 1857. that the oxygen didn't 
generally mix with the liquid part of the hlood. It 
combines with the red cells. 

B)' that tiuw. it was known that tht.· cdls of the body 
contained complicated substances caHed ''proteills." 
Each protein was mad(· up of groups of atoms called 
'"molecules" (MOL-uh•kyoolz). and e.ach proteii) ,nole. 
c\1le was made up ofh\mdreds, or even tho\lsands. of 
atoins. fo 1851, a Cerman chemist, Otto Fuukf• 
(FOON-kuh. 1828-1679) had obtained a protein from 
the red cells. Another German cheini�t. Ernst F'dix 
Hoppe-Seyler (HOPE-uh-ZY-ler. 1825-1895) purified 
the protein and studif· d it (.-ar('fully. 

This red-cell protein is called "hemOJ(lobin" (HEE· 
moh-GLOH.bi11). ·111c "hcmo--" is from a CrC't�k word 



for .. blood.- and the --globin .. is the name of a kind of 
protein. Therefore. lu.: rnoglohin is .. blood protein." 

\¥hen blood pass<·s through the Jung..;;. the oxygeo 
ill the air combines with the dark-colored hemogl obin 
to forrn the bright red ··oxyhemogl obio·· (OK-see
HEE-moh-GLOH-bin). Tl,e oxygen is held rather 
loosely so that. when the blood gets into the capillaries 
and circulates among all the bod)• cells, the cells can 
take the ttx)•ge11 away fro,n the oxyhemoglobio, which 
becomes just hemoWobin again. 

·r1u� cdls use the oxygen to oom bioc with molecules 
they obtain from food. In this way, energy is pro
du<.�:-<l. and the body ca.11 move and do its work. 

In 1747, an Italian chemist. Vincenzo Antonio 
Menghini (mcn-Cee-nec, 17()4-(759), found that 
thel'e was a small quantity of iron in blood. It seemed 
to him that the iron was prt:sen t in th(• rec.I <:ells. 
Eveotually, it was found that every molecule of hemo
globin (..."C.mtained fo\1r iron �toms. It wns act\lally to the 

iroo atoms that oxygen atoms attached themselves. 
lf  a person bleeds. he loses some of the iron. Then, 

if there isn't enoup:h iroo in his food, he continues to 
have a short�,.ge and he suffers from .. :memi;.1" (uh
N E E -nwc-uh). His hlood can·t pi<.·k up e!lough oxy
gen. so that the body is short of energy. A person with 
a11(:111ia. tends tc) ht- tirc:-<l all thf· time. 

\Vhat if a person bled a great deal and was short of 
blood? Could S(Hn(• blood be taken from an animal and 
iojected (or ""trans-fused') ioto the person? 

This was tried i11 th(: 1600s. and blood was trun� 
fused from 01\e animal to another. Richard Lower was 
the first, in 1666. to try to tr:}nsfosc hlood from an 
animal into a human being. 
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Sometimes such transfusion seemed to help, but 
sometimes it didn't. Occasionally. people died after 

such a transfusion, so doctors didn't like to try it very 
often. 

An English dcx:tor, James Blundell (1790-1877), 
6nally decide,! that the blood of a particular kind ol' 
aoima) would only help that particular kind. ·Jnere
fore, if a ho man being needed blood it would have to 
come from another huma1l being .  Beginning in 1818, 
he transfused blood from healthy human beings to 
other hl:linan heiogs who needed bl ood. 

A.gttin. that sometimes worked and sometimes 
didn't. 'A'her) it didn' t  work. that seemed to be be
cause the red ceUs in the blood being traosfused stuck 
together tightly, or .. aggl utinated,'' when it entered 
the blood vessels of the patient. The patient, getting 
clumps of red cells that wooldn 't separate and do their 

work. was worse off than before and might f:ven die .  
I n  1900. an Austrian doctor. Karl Landsteiner 

(LAHND-shty-ner, 1868- 1943), found the answer. Ile 
diS<.-ovcred that there were four kinds of red cells. 
Some people had a chemical ca.lied '"A" attached to 
their red <.-ells . and some had another chemical called 
·a." For this reason we can talk of" A-typ(> blood and 
"B-type" blood. People who had both chemicals at
tached to their red cells had "All-type" blood and 
others. who had neither chemical, had -o-t)'l>C .. 
blood. 

One type of blood will often agg)utin;;ite if trans
fus4,,'() into a patient with another blood type. It is be st. 
therefore, for a patient to get transfusions of his own 
blood type. In an emergency. an AB-type patient c::an 
accept blood of any other type, but the A B -type is the 
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least oom,non. Only one American in twt·nty-fivc is 
AB-type. 

An A-type. or 6-type, patient can al·<:ept 0-type 
blood fairl)• well. That is why. when blood is collected 
for an emergency, 0-typt blood is particularly useful. 
It can be given to anyone without too much danger. 
However, a patient with 0-type hlood can accept only 
0-type blood. Fortunately, 0-type blood is the most 
<.."Omm(m. Nearly half of all A1ncrica11s arc 0-type. In 
1930. Landsteiner received a Nobel prize for his work 
on tl,csc blood types. 

Some people. by the way. do not like to c-all reel 
<..-ells by that name . 

In 1831, a Scottish scientist, Robert Brown (1773-
1858). discovered that there is a littlt' structurt! in th<" 
interior of a ce ll, and he called that structurn a "'nu
cleus" (NYOO-klcc-o.s). It was later learned tl1at t'vf•ry 
true cell has a nucleus. \Vhat's more. the nucleus is 
the most imp0rtnnt part of the t.-cll. It has thc- sub
stances that make it possible for cells to divide and to 
make two t.'«dls wt1crc thcre once '"',as only on<�. Cf•lls 
cannot grow and multiply without a nucleus. 

·11-ie red c..-ell in human beings (nnd in many other 
animals) does not have a nucleus anid therefore is not a 
troc <..'ell. For that reason, it is .sometimes called a "red 
corpuscle• (KAWR-pus-1). 

Hed cells, or red corpu.sde.s (whichcver you wish to 
call them), do not live long-perhaps because they 
don't have a nocleus. ·num. too. they work hard, 
moving about the body, picking up oxyge1l fo the 
lungs and giving it up to the body, over and over 
again .  After about 125 days, they begin to break u p .  
They're picked u p  in a part of the body t-allc d  the 

Location ot spleen 

"spleen .. and are eliminated with the body wastes. 
Only thc iron atoms arc saved for uSt! in other r(:d 
cells. 

In the body. thcre arc mor<· than 2 million r<.-d l'dls 
breaking down every second. Altogether. there are so 
many red <..-ells however, that 2 million isn't a lot. 
Besides, new red cells are contillually being fol'med i1l 
the bone marrow at the .same S()(..>ed with which they 
hreak down. TI\e 11ew red cells are formed rroin 

parent cells that do have �t m, cleus. 
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4 
The White 

Cells and 

Platelets 

ALTHOUGH ·1·ttt: KEil cells are by far the most numer· 
ous objects that float in the blood stream, they arc not 
the 011ly one.s. 

In 1850, a French doctor, Joseph Ca.,:;imir l)av:.�ine 
(dah-VAN, 1812-1882), noticed cells in the blood that 
were much larger than the red cells. TIH:y were pa] e 
in color and ,meven in sh:.1pe. The ones that Davaine 
saw moved with ··amoeboid motion- (uh-MEE-boid}. 
That is. their motion resembled a common ooe-relled 
creature called ao " a m od)a- (llh-MEE-boh), which is 
often seen in pond water if one uses a microscop e .  An 



amoeba simply thn1sts out a bulge in tlw dirc�ction in 
which it is lravelfrlg. The cell fluid flows into the 
bulge, then another bulge appears and so oo. 11\is is 
the ,vav in which the pale cells in the blood movf;!(I. 

In 1869, he re ported lhat these cells would flow 
around and absorb bits of foreign matter introdm.'("(1 
into the blood. 

These objects are frequentl)• called ''white cells"' to 
distinguish them from the red cells. The white cells 
contain no hemoglobin, no colored subst;;ince of any 
kind. ·11\at is why they are so pale. fo additioo. they 
differ from the red cells i n  being complete. Each 
white cell has a nucleus, sometimes a large ouc-leus .  fo 
1855, scientists began to call them ''leukocytes"' 
(LYOO-koh-sitcs). which is Greek for ·· white cells.'· 

111e white cells are few in number compared to the 
red t.-elh:. ·n--icn.: is only I whitt� <.'(:II for c-very 650 rc'!d 
cells. That is why it took so much longer to notice the 
white <.-ells. Still, even if the whiff.! cdls an.: only 1 in 
f>-50, there are ma11y billions of white cells in the blood 
altogether. 

A German doctor, Paul Ehrlich (EH R-likh. 1854-
1915), was particularly interested in using the new 
dyes that chcrnisL,;; were rnakiog after 1860. It seemed 
to him that some of these dyes might combine with 
substances inside a cell and ma.kc them visible by 
giving them color. Different d>res might react with 
different sobstanccs, and in this way a great deA.1 
might be learned about the tiny structures inside the 
t-ells. (\Vithout <..'Olor, the inside of a cell is ha.rd to Sl't!. 
AH the parts are transparent and look like shadows 
against ;;i background of shadow�.) 

Ehrlich worked with all sorts of dyes on all sorts of 
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Bk>od cells 

cells. About 187S, he- used his dyes on white cells, an'd 
he found that not all white cells combine with dyes io 
the same way. He was able to divide tl1e white cells 
into several different types. Nowadays. five types are 
well-known and, under norm:�! conditions, ;;ilways ex
ist in certain proportions to each other. If ooe or more
of thc:m are out of proportion. doctors are warned of 
the possible presence of disease. 

Sometimes, the cells in the bone marrow that mak<� 
white cells start making rnany more than �1.re needed. 
The number of white cells in the bltlOd can �ct up to 
150 times as rnany as normal. Other cells in the blood 
are crowded. and the blood 110 lou�cr docs its work 
well. ·'n\iS condition is known as "leukemia" (lvoo• 
KEE-mee-uh) and is a very serious disease. 
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A Hussian scientist, 11}''-' Ilich Mcchnikov (t\lECH
nih-koff'. 1845-1916}, was 1>articular1)' interested in 
-bacteria- (hak-TEE-rc::t:-uh), which are veq• small 
one-cell ed creatures. much smal1er than amoebas, ;;ind 
even ccmsiderahly smaller tha,, red cells. fo the 1860s. 
the French chemist, Louis Pasteur (1822-1895). had 
shown that bacteria could get into the body a1,<l 
multiply there, t'1l\1sing many common dise;LSes. 

But there are bacteria ever)'where about us: io the 
air, in the water, in the soil. Every time we c\lt 
ourselves, bacteria a.l'e bou,,d to get into the body 
throogh the cot. \Vhy don't we ;111 die of diseuse? 

Mechnikov studied the situation carefully. He no 
ticed tht1t whenever there was a c\lt. white cells were 
carried to it io great number hy the hlood. So 1nuch 
blood went to the part that it grew red and inflamed. 
and was 1>ainful frorn all the pressure of the blood on 
the vessel walls. 

The white cells that were hrought to the place 
immediately attacked the bacteria that had invaded 
the body and produc.'(.-d an -infection." Usually, the 
white cells destroy the bacteria and prevent the infec
t-ion from getting worse. 

The white cells of the body thus act as the first line 
of defense against infe<.--tion. They are like soldiers who 
are ready to battle the e1 ,emy at any time. TI1ey do 
their work anywhere in the body where bacteria have 
gained e1,try, and they are found i1l the blood because 
they must be read)• to be c;;inied n•pidly to any 
threatened point. 

Mechnikov called these bttcteria-e-.tting white cells 
.. phagoc)•tes" (FAG-ho-sites), from a Creek word 
meaning "e:.tting c.."ells.,.. \Vhite cells also get rid of 
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unneeded parts of the body. For inst:mc;:,·, <,.'Crtain 
large white cells absorb those red cells that are old and 
breaking up. 

Ehrlich and Mechnikov, because of their work on 
white cells and in other area.,; of ine<licfoe, shared a 
Nobel prize in 1908. 

\Vheo a balloon or an automobile tire is ponctured. 
all the air eS<.-apcs. \t\1htn a h o t -water bottle is punc
tured, aJI the water runs out. \Vhen the body is 
punctured, however, the blood begi ns to ru,, out, but 
doesn't continue to do so. Unless the body is ver)' 
badly mangled, the blood ffow stops aft<:r awhile and a 
"clot'' forms. 

The clot forms in this way . . . .  
A protein called "fibrinogen" (fy-BRIN-oh-jen) is 

dissol ved in the blood. \Vhen bl ood is expOSt'd to air. 
such as whe,, you c-ul yourself aod begin to bleed. the 

fibrinogen undergoes a sm�,u shift of its atoms that 
c-hangt;s it into -rihrii," (FY-brio). Fibrin doesn't st;.ly 
in solution, but comes out of the bl<.KKI in long thrN1d.s, 
which cnlAngle the red cells. It graduaHy forms a dl'y 
crust that covers the opening and stops the hlc(.·ding 
�mtil the skin heals. 

NaturaHy. when scientists beg;:m to study this 
"blood-dotting, .. they won dered what made the clot 
form only during bleeding. \,Vhy didn't it f orm in the 
bl ood wl1ile it \.\<&.S being pushed through the blood 
vessels? 

(ActuaJly, this doc.�s happen sometimes, but only 
very rately. A clot can form in the bl oodstream. ;md it 
may thtm get jammNI into a .small hlood vessel aod 
prevent blood from passing through. This can <.."imS<.' :1 

he;1rt attack or a stroke and may kill. However, the 

clotting machi1lery works fairly well and hardly ever 
goes wroog, so most peopl e don't have to worry about 
it, especially when they're young and aJI the body 
machinery is still new.) 

·nu:: beginning of an explanatioo of clotting came in 
1842. wheo a French scientist, Alfred Donne (doh
NAY, 1801-1878). reported a new type of object ffoat 
ing in the bloodstr�am. 

... _ .... 

Cells and Platelets In the blood 
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Ao llaliao doctor. Giulio Csare Bizzozero (BITS-tso
TSEH-roh), studfod the,: new type <>f ohjt'Ct in 1882 
and showed that it occurred in blood normally. \Vhat 's 
more, it had some conoe<:-liou with clottiu�. He callt�d 
the objects "pl�1telets"' because their shapes resemble 
tiny plates. (They actuaJly resemble two plates, placed 
face to frl{...<>e.) lhey are also c�llled ·•thrombocytes" 
(fHROM-boh-sites). which is Creek for .. clotting 
C'Clis." 

Platelets are eveo smaller than red cells. Jt would 
take two platelets. side by side. to stretch across a red 
cell. and it would take eight of thern to weigh as much 
as a red c'ell. 

Platelets are more nu1nerou.s than white cells. 
There are 1.1bout thirty-five platelets for every white 
cell in the blood. Oo the other hao d, they arc not as 
n\lm�ro\ls a5 red cells. There is only one platelet for 
every tweo.ty red cells. 

Platelets aren't real cells. any more than red cells 
a.re. TI1ey have no nuclei, and they are even mon� 
frngile th,m red cells are. They only last nine clays or so 
before they hreak down and have to be swc::pl up :}ml 
disposed of. Naturall y, new ones are constantly being 
formed. 

Platelets manage to keep themselves intact while 
they arc in the bloodstream, b\lt the instant tl1crc is a 
break and bleedin� starts, the platelets ate exposed to 
the air and brca.k down. 

They release a substance into the blood as a result or 
the breakdown. The substant.<>e starts :;i long chain of 
chemicaJ chan�es that ends with the cha1lge of Hbrioo
gcn to fibrin and the formation of n clot. 

You might woo<ler why a long chain of chemical 
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wound 

Formation of bfood clot 

changes is oeeded. VVhy shouldn't there jost be one 
clmnge-fibrinogen to fibrin---and. behold. a clot. 
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\Veil. clotting is a <klicate joh. The blood mo.st oot 
clot inside the �,lood vessds. \Vith all the hanJ?;ing the 
platelets get as they move from place to ph1cc, collid
ing with red cells and t he ves se l walls, s<nne of th('11'1 
may bre�1k. If so, the body n,ust re ly on the fact that 
some ()f the changes c.m 't t..lke pla<.-e insid<' the ves.,;cls. 
You see. the bloo d must not clot too e asily. 

On the other haod. the clottin� process is a lmos t  f()O 

<.'(m1plicatcd. Some times pe<>ple are born wi.thout 01�e 

of the numerous chemicals that form part ol the cha111 
of clotting. Jo that case, thdr blood clots with diffi
culh', or not at all. Even a small cut that starts oozing 
bl� m;.1y just keep on oozing, and there is always the 
dc.lnli(er or bleeding to death. 

·111is condition is called .. hcanophilia- (HEE-moh-
Fllree-uh). 

5 
The Plasma 

THE RED CELLS, white cells. and platelets ma.kc up 
the "formed clc mt'nts .. of the blood. They are objects 
that have a form. or shape. 

Suppos<' all tile formed elements are removed from 
the blood. One \vay of doiog it is to whirl a container of 
hlood round and roond. \\/hen you whirl somethin�, it 
is forced away from the center . Sur,post� you have a 
hall att :\d1cd to u robber string, and you whid it faster 
and faster .  TI1e ball moves awav from voor hand 
stretching the string more and mo1�e and fin,aJly hn!ak
iog it. 

In the container of blood. the formed elements are 

forced against the ho1tom of the container as it whirls. 
Eventually. the formed eleme nts are cak<!<I down hard 
and you can poor the w�1tery par t of the blood out of 
the container. 

The formed elements make up about -15 per<.'Cnt. or 
just under half, of the blood. The watery part makes 
op about 55 percent. The watery pa.rt is <.-rilled 

49 



"'plasma" (PLAZ-m\lh), from a Creek word for some· 
thing thal doesn

:'
t have any p;1rticohtr forrn. 

The pl:u;ma is what makes the blood act as a liquid. 
If the formed elements wen· pre-sent in the blood 
vesstl.'i all hy themselves, the heart wouldn't be nbl<· 
to move them. It's the pla!ima that moves ao<l CaJ'ries 
th(• formed elements along with itself. The phl8rn:l 
carries the" red cells to th(· lungs to take up oxyge11. 
and th<:n to all the rest of the body to delivt:r th<.! 
oxygen. It carries the white c,x�lls to any part or the 
body where they are needed to fight bacte d:a. It 
carries the platelets to any part of the body where 
blood loss must be stopped. 

TI1en. too, the plasma helps (·v<:n out some of the 
properties or the body. For' instance. the liver h�lS so 
many chemical changes going on inside its ,:ells that it 
prodm:.'4:$ a lot of heat. ff the heat just stayed where it 
was, the liver cells woul d become too hot and would 
die. The skin c:dls, 011 the other hand. lose heat to the 
outside and. if they contim1 ed to do so, thc·y \\1011ld get 
too cold ::ind would die. 

111e plasma picks up heat at the liver, so that the 

liver stays c;:ool. The plasma theo delivers heat to the 
skin, so it stays wnrni. In this way the bloc.Kl pl11.1111a 
helps even out the temperature in the body to a 
comfortable figure that doesn't ch,mge its long ::is \\1C
remain h«;:a)thy. 

'When it is hot outside the little vesst:b in th(• skin 

exp:md so thnt tlu;:r� is mom for more blood. Extra 
heal i s brought to the skin to be lost there 'i() tlu\t wt� 
remain cool. \Vhcn it is cold, the little vessels in the 
skio cootract so that there is less blood thf.!n', and thf· 
body does-n 't lose too 1nuch heat. That is why our skin 
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is flushed in hot weather and turns bluish in cold 
weather. 

blood veuel s dllMed 

Temperature control 

Plasma. even if it were oothing hut water, could 
even out heat. However. plasma is only 9'2 percent 
water. The other 8 percent consists of substances of 
one sort or another that are dissolved. These dissolved 
substances a.l'e also illl[)()rtaut in kceping conditions in 
the hody even and pleasant. 

For i11sta11ce, some� chemical changes in the body 
tend to produce .. acids.'' and some te11d to pnxJucc 
·bases (the op1>0sitc of acids). It would kill the cells if 
the surroundings grew too acidic or too hasie. The 

cells are ,r.osl (!(nYtforh1.h1t: when the surroundin� are 
not too much one way 01 ·  the other', but arc -ntutn1I.' ' 

The plasma contains chemicals that tend to combine 
with acids or with bases. Ill this way they help keep 
the surroundings neutral. 

The chemicals in plasma also control the way in 
which wale r ::ind other substances leak into and out of 
the tiny blood vessels. T11e prcsc·nt.'t: of the chemicals 
sees to it that the right substances leak in and out and 
that not too much water moves in <: ith<•r dirl"<;tion. 
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Maj or organs of the body 

.. 
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The plasma brings to the body those substances it 
oeed.s. ·11u1 oxygen b1·ought by the red cells is not 
enough. The body also net.•d.s materials with which the 

oxygen can <.'Ombine to produce energy. 1'hcsc materi
als come from our food. 

The food w(· e'dt is digested in the stomach and 
intestines. Complicated molc::cules in the food ar<' 
brokeo down to smaller molecules that are ahsorbed 
through the iotestioal wall and enter the plasma. The 
simple rnolecules ma}' then be put together into more 
complicated form and stored in the body as starch or 
fat for future use. Other simple molecules are built up 
to form molecules that the:: body needs. such as pro
tein. 

Some simple mok-eules, however. are kept circulat
ing in the plasma for the body's immediate ose. One of 
these, for iostance, is a small sug.ar molec-ule called 
"glucose" (GLOO-kose). Glucos,; was first detected in 
blood in L844, by a German chemist, Carl Schmidt. 

The cells of the body absorb glucose from the 

plasma and combine it with oxygen to produce en
ergy. TI'lc hrain <:ells, in particulat, use only glu<."Ose 

for this purpose, nothiog else . The pl:,sm�t also carries 
fatty acids for combination vlith oxyge,,. fatty acids 

produce more energ}' than g]ucose does and are used 
hy musclc::s, particolarly. 

Thus. the red cells carry oxygen, and the plasrna 
carries glucose and fatty acids. l o  this way, the body is' 
supplied with the eoc: rgy it needs. As the plasma giv<!S 
up its glooose and fatty acids, more is obtained from 
food, or from !he stores of fat ,md starch in the body. If 
we don't get enough food� we lose weight as the fat 
and starch stores diminish. l f  we get too much food, 
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proper amounts. 100 rnuch glucose might meao diabe
t..:s, for instance. Too much of a fatty subst:.m<..x· cnlled 
"cholesterol·· (koh-LES-tuh-rol) may 11'1ea.n a danger of 
heart attacks. and so on. 

More tha1, half the weight of s,1hsta.nces dissolved in 

plasma are proteins. One of these is fibrinOgf·11. lt can 
be kept in the plasma by adding a hil of chemical th: ,t 
will keep it from turnin� to fibrin. Or els..:. il ca11 be 

allowed to turn into fibrin and t1\n then be removed. 
Plasma without the Ahrinoge1\ is called .. serum- (SEE
rum). 

···� 

Lung air sac 
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The rest of the prott>ins oonw in a ,\•ide val'iety of 
types that a.re very similar chemica1ly .  Fc)r tunutd y. a 
Swedish dH .. ·mist, Arne 'Wilhelm Tiselius (tih-SA\'-lee
us). devised a method calk-d -dc'ctrophoresis- (ee
LEK-tn>-fnr-HEE.-sis). ir\ 1937 that separ;.1tes similar 
proteins. Tiselius was awarded a N'obd Prize for lhi,; 
in 1948. 

The proteins foll into two grOulH: -albu, nins" (Alr 
byoo-min1:) and .. �J obulins'' (CLOB-you-linz). The lat
te1· c.-an be further divided into "al pha-�lohulios" (AL
foh). "lwta-�lohulios·· (BAY-tuh). :m<l ··gammn
globulins' (CAM-uh). /\lphn, hotn, and !(lllllma are the 
first three kiter< of the Greek alphabet. 

Some of these proteins t·<.11nl,i11c easily with sub
shinccs the b()dy needs io small amounts-with ctr-
1ai1\ fatty substances. or iron atoms, or copper atoms
�md carry these IO whe, ·ever the)r are needed. 

The gamma•globulins have the c:}pacity to co,nbine 

with forei�rn molecules thal get into the body- with 
-viruses," or with poisono\1s ' 'toxins" prcxluced by 
bacteri,1, or with other dama�ill� substances. By com
bining with them. the gamma-J.dobulius ft<.• utralize 

them. The �ammn-�lohulins that act this W<lY are 

callNI -a11tibodies ." 
The body keeps a supply of some ;1ntibodies that 

have proved useful. For instance, when yo\1 �c:t 
chicken pox. me�i.slcs, or mumps. lhe body ,nanufac
h.1rc!) antibodies to fig.ht the ;1nnoying �enm and to 
help you recover .  After tlmt th(• antibodies stay, and 
you don ·t catch tht::sc diseases a second time. You have 

become "'immune" (ih-MYOON). 
The g;:1mma-i:d()huli11s ai·e thus ao import�int p;1rt of 
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the hody·s "immune mechaoism· that prntects us from 
disease. 

As you see, then, blood is useful in so many differ· 
eot ways that we can hardly blame the ancients who 
thought blood was life itself. It almost i.-;. 
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